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Change in free energy, calories/g-mole 
Overall heat of !llixing, calories/g-mole 
Change in entropy, calories/( 0 Rankine)(g-mole) 
Volume of mixture, cubic centimeters/g-mole 
'\ 
Volume of component, cubic centimeter/g-mole 
Volume fraction, dimensionless 
Energy of vaporization, calories/g-mole 
Solubility parameter, (calories/cubic centimeter)~ 
Cohesive energy density, (calories/cubic centimeter) 
Pressure, atmospheres 
Reduced pressure, dimensionless 
Critical pressure, atmospheres 
Temperature, degrees Rankine 
Reduced temperature, dimensionless 
Critical temperature, degrees Rankine 
Compressibility factor, dimensionless 
Critical cqmpressibility factor, dimensionless 
Gram-moles 
Gas constant, 82.06 
Boiling point, degrees Rankine 





0£ Coefficient of thermal expansion 
°lr Surface tension, dynes/centimeter 
fa Compressibility coefficient 
E1 Internal energy to the ideal gas, calories/g-mole 
















Cohesive Energy Density/Critical Pressure 
Tr, floating point form 
Pr, floating point form 
z, floating point form 
~ E/Tc, .. floating point form 
1oobooo,ooo PR, fixed point form 
100,000,000 TR, fixed point form 




A solution may be defined as a homogeneous mixture of two or 
more components having a similar composition throughout the mix-
ture. The more closely two substances reseinble each other chemi-
callyJ the more likely they are to be miscible. For example) mix-
tures of water and ethyl alcohol are solutions because they form 
a homogeneous) single-phase system~ A liquid hydrocarbon and water 
mixture forms two solutions because the liquids do not dissolve 
completely in one another, and a heterogeneous) two-phase system 
forms. Different cases such as liquid-liquidJ liquid-solid, 
liquid-gas, solid-solid) solid-gas) and that of gas-gas are frequent-
ly encountered in problems of the engineer and chemist. 
The extent or degree to which two Components will mix must be 
determined in order that solubility problems may be solved, Several 
factors affecting solubility must be considered in order to formulate 
workable solutions to these problems. Temperature and pressure 
are important variables to be considered. Usually an increase in 
temperature favors solubility and likewise an increase in pressure 
.. 
favors solution. The polarity of the component is also important 
in dete.rmining solubility. The cohesive energy densities of the 
components may be used to predict solution. If the cohesive energy 
1 
densities of two components are close to one another, complete 
solubility will usually occur. 
Many solubility theories have been developed by different 
authors. Van Laar (10), in his early works, proposed the method of 
salvation or association. It has not been possible to extend general 
rules which will cover many cases. Flory (3) and Huggins (2) pro-
posed the theory of a polymer-solvent interaction constant. This 
method requires measurement of the vapor pressure, by experimental 
means, for each system considered. This method would, therefore, 
prove impractical for the prediction of solubility at high tempera-
tures and pressures. Henry's Law (5) gives the effect of pressure 
on the solubility of gas in a liquid. Henry's Law states that the 
amount of gas dissolved in a liquid at constant temperature is 
directly proportional to the pressure of the system. Deviations 
occur at high pressures. There is one major theory which seems 
to be relatively free of the objec.tions cited in the above examples. 
As early as 1916 the idea of having a solubility parameter for 
different components was proposed by Hildebrand. (1). 
The Scatchard-Hildebrand theory applies the free energy equation 
to the constant temperature process of mixing, The equation may be 
written as follows: 
b.F 
where 
6. H - r6.s 
the change in free energy, ca.lories/g-mole 
the heat of mixing, calories/g-mole 
temperature., "Rankine 
(1-1) 
the c:b.ange in entropy, calories I (''Rankine)(g-mole) 
2 
This equation may be used to predict whether or not mixing of two 
components will occur. If the change in the free energy term is 
negative, mixing will take place. From equation (1-1) it is seen 
that the change in free energy is dependent upon the entropy change, 
the temperature, and the enthalpy change. The magnitude of the 
product of the temperature and the entropy change will always tend 
to make the free energy term smaller. For a constant temperature 
process the temperature-entropy product will be large and almost 
constant. It would therefore be the magnitude of the enthalpy term, 
b. H, that governs the sign and magnitude of equation (1,-1). The 
study of the enthalpy term is, t~erefore, important in the prediction 
of the degree of mixing of two components. 
Scatchard (4) and Hildebrand (1) have, independently, developed 
the heat of mixing equation which follows: 
overall heat of mixing, calories/g-mole 
volume of mixture, cubic centimeters/g-mole 
energy of vaporization, calories/g-mole 
volume of component, cubic centimeters/g-mole 
volume frac.tion, dimensionless 
(1-2) 
· Th~ term /).E/V, in equation (1-2), is the internal energy of vapofi-
zation per cubic centimeter of one of the c.omponents. .6.E is a 
measure of the amount of internal energy .required to give infinite 
separation of the molecules (equivalent to zero pressure) or to 
overcome the intermolecular forces holding the molecules toge.ther. 
3 
4 
For this reason the term l:iE/V has been called the cohesive energy 
.. , 
dep-sity .. ; 'Several scientists have determined the cohesive. energy 
density of many fluids by various methods. All of these results 
were expressed at 25° Centigrade and at the system pressure. There 
is an important need for cohesive energy density functions of fluids 
at higher tempera.tures and pressures,. 
In most instances the solubility parameters or cohesive energy 
densities of liquids at 25° C. have been calculated. These are use-
ful for many types of applications. There is no reason, however, for 
restricting solubility parameters to these conditions* The solu-
bility parameter or cohesive energy density of a non-ideal gas may 
be found as welL This is done by relating the properties of the 
non-idea.t gas to the ideal gas conditions in the same way as is 
done for liquids .. 
The objective of this study was to provide a means for deter-
mining cohesive energy density functions of fluids at high pressures 
and temperatures. By using existing tabulated thermodynamic 
properties taken from :tydersen et .. al.. (6) together with the non-
ideal gas law, design charts are to be prepared from which the co-
hesive energy density functions of fluids at high temperatures and 
pressures can be calculated. 
CHAPTER II 
COHESIVE ENERGY DENSITY 
The cohesive energy density function is an important, factor 
in the Scatchard (4) and Hildebrand (1) solubility theory. As 
such, it is of importance in explaining the vaporization of asphalts, 
waxes, and hydrocarbons. These functions could also be' used for a 
basis on which to base calculations of miscible flooding of depleted 
petroleum reservoirs. Solubilities of both liquids and gafies are 
governed by this thermodynamic quantity. 
By rearrangement of equation (1-2) the following equation is 
obtained: 
(2-1) 
It may be see.n that the heat of mixing per cubic centimeter of mi,x:~ 
ture is equal to the square of the difference.s between the square 
roots of the cohesive energy density functions of the two components, 
where the cohesive energy density function is defined as being f::::. E/V. 
The square root of the cohesive energy density is obvi.ously of primary 
importance in the determination of the. magnitude of the heat term, 
which in turn is the prime factor used to determine the sign of the 
free energy equation. This quantity has been assigned the symbol cf 
5 
6 
and called the solubility parameter. Expressed mathematically, 
_r __ (~vE). ~. 0 \: By substituting in the right-hand sid~ of equ~tion (2-1), 
we can see that the he.at of mixing of two substances is dependent on 
the quantity (d1 - J 2)2. If the heat of mixing is not too large, 
so as to prevent mixing) then (01 - cf 2 ) 2 must be relatively smalL 
If (0 1 - d2) 2 equals zeroJ mixing is assured by the negative 
temperature-entropy factor of the free energy equation. This is 
equivalent to saying that if the solubility parameters of two com-
ponents are nearly equal the two components will be miscible. 
The cohesive energy density and the solubility are calculable 
by several methods. In the literature several methods are described 
for this calculation. All these methods are for conditions of system 
pressure and usually at 2.5° Centigrade. These methods make use of 
critical constants taken from the literature. The following chapter 
will detail several methods of determination and the previous investi-
gations of this subject. 
A method for the determination of cohesive energy density functions 
of gases at high temperatures and pressures is needed. The use of such 
values could be applied to miscible flooding of depleted oil reservoirs) 
mining of sulfur and salt) etc:. A study of the literature has been 
made and it was found that values of cohesive energy densities at 
high temperatures and pressures are not available .• 
The purpose of this paper is to determine values of these func-
tions .at elevated temperatures and pressures and to prepare design 
charts suitable for use in calculation of solubility parameters. 
... De~ign charts are to be prepared for components having four 
different critical compressibility factors,, At any given pressure 
and temp,erature the cohesive energy density divided by the critical 
pressµre of component may be read from the design chart relat,ed to 
the component's critical compressibility factor. Therefore, the 
cohesive energy density of any component is calculated by multiplying 
the value read from the appropriate design chart by the critical 
pressure of the component,, The solubility parameter can then be 
determined by taking the square root of the cohesive energy density4 
The solubility parameter of a non-crystalline solvent or any 





'. CED, == ~E/V 
E.2 internal energy to the ideal gas at a given 
temperature and pressure, calories/g-mole 
E1 = internal energy of the fluid at the given 
temperature and pressure, calories/g-mole 
V = volume~ cubic centimeters/g-mole 
(2-2) 
For an imperfect gas one can write the general gas law in the 








volume, cubic centimeters/g-mole 
gas constant 
compressibility factor 
temperature, 0 Rankine 
number of gram-moles 
(2-3) 
7 
The compressibility fac~or is an empirical quantity which makes the 
above equation true at a particular pressure and temperature. For 
a perfect gas, Z is equal to one~ For an imperfect gas, Z is greater 
or less than one, depending on the temperature and pressure~ 
By dividing both sides of equation (2-3) by P we get the 
following: 
V ZR T/P. (2-4) 
The reduced pressure and reduced temperature of a gas are defined as 
and (2-5) 
where Tc is the critical temperature and Pc is the critical pressure 
of the gas~ Solving for temperature and pressure the following is 
obtained: 
p Pr Pc and 
By substituting the above values of P and Tinto equation (2-4) 




Next by substituting the value of V from equation (2-7) into equation 
(2-2) we obtain the following: 
(2-8) 
By dividing both sides of equation (2-8) by Pc the following and final 
8 
equation is obtained: 




The scope of this study is to prepare design charts for com-
ponents with a critical compressibility, Zc, from 0.,23 to 0.,29. 
! 
Cohesive energy density functions will' be plotted as the ordinate 
versus reduced pressure as the abscissa, with reduced temperature 
as the parameter. 
(.2-9) 
Over 5,000 computations of equation (2-9) were required in the 
solution of this problem~ A computer solution of the equation was 
programmed in order to save a large amount of time in doing the 
calculations., 
9 
Values of .6E/'rc were taken from the writings by Lydersen,et. al. (6). 
These values.corresponded to given reduced pressures and temperatures, 
which were given for each critical compressibility factor,, 
CHAPTER III 
PREVIOUS INVESTIGATION 
Prior to this investigation, to the author's knowledge, no 
paper was found which indicated that there has been any work relative 
to the determination of cohesive energy density functions of fluids 
at high pressures and temperatures" 
As early as 1919 Hildebrand (8) gave various methods for ob-
taining the relative internal pressures, including the energy of 
vaporization per cubic centi11'eter, which has been given the name 
"cohesive energy densityo" 
In 1925 van Laar and Lorenz (10) presented a paper in 
which they developed the following equation: 
(3-1) 
This equation is identical to that presented by Scatchard (4), in 
1931, if the constants al and az are replaced by the energy of 
vaporization of both components" Scatchard states that his paper 
is to be regarded as a quantitative development of the treatment by 
Hildebrand in his paper published in 1919. Scatchard's first 
assumption was essentially that of additivity of the energy of the 
molecular pairs. This has proved very successful as the basis for 
nearly all theories of gases, liquids, and solutions" The second 
10 
assumption, that of random distribution of molecules, is the basic 
theory•of regular solutions. His third assumption is that there 
is no change in volume. 
Thes~ assumptions permit writing the following equation: 
11 
AHm ~ Vm rv:10" -~v:zJJ \102 (3-2) 
This equation was arso derived by Hildebrand and Wood (9) in 
1933 by integrating the intermolecular potential between pairs 
throughout the liquid. This is analogous to the summation used to 
connect intermolecular potential and lattice energy for crystals. 
Hildebrand, as did Sc:atchard, assumed that there was no change in 
volume and also that the distribution of molecules throughout the 
mixture is random" His third assumption was that the molecules of 
the components are of the. same inhe.rent size and have the same de-
gree of expansion. Provided that the above assumptions are correct1 
Hildebrand's derivation is completely rigorous. 
Equation (3-2) is identical to e.quation (2-1) which the author 
used in this investigation, The quantity A E/V is defined as the 
cohesive energy density, CED. ~E is the energy of vaporization to 
gas at zero pressure and V is the molal volume. Both A.E and V c:hange. 
with temperature, so CED must be ca1::ir;mlated for each temperature at 
which we wish to use it. Desired vaporization data, at different 
temperatures, are often lacking. In the following sections various 
methods of estimating the cohesive energy density will be discussed 
in detaiL There are four methods outlined by Hildebrand (1) which 
12 
are discussed here for the edification of the reader .. 
Calculation of CED from heats of vaporization is satisfactory 
when working with liquids at temperatures below the component's 
normal bo;i.ling point,. This method is of no practical use in working 
with gases., It is, therefore, of no use in this particular investi-
gation. The following equation is used when using heat of vapori-
zation data: 
CED b.Hv - RT = ----- (3-3) 
v 
For many substances no heat of vaporization data, either 
calorimetric or from vapor pressure, is known,. ]for such cases, it 
is possible to estimate the heat of vaporizat.ion from the boiling 
point, by use of the 11Hildebrand Rule." By this method .one caku-
lates .6.Rv values by use of the following: 
2 AHv e:: -2950 + 23,,7 Tb + 0.02 Tb 
The above value of ARv is substituted in equation (3-3) in order 
(3-4) 
to determine CED values. Again, this method isn't useful for this 
investigation because it has no application to gases. 
Another method.of estimation is by use of "internal pressuret 11 
The .internal pressure may be strictly defined as This is 
defined in the following equation: 
T (oP) _ p 
\.clT V 
The so-called thermal pressure T (clP\ ~ay be obtained from the ffr) V ! . 
coefficients of thermal expa:nsion .and compressibility OC and /d 
(3-5) 
13 
CED Q{T /3 (3-6) 
At low pressures, the pressure Pin equation (3-5) is entirely 
negligible compared with the internal pressure •. Equation (3-6) 
can be used in calculations of either liquids or gases. For this 
investigation convenient data were not available for preparation 
of design curves_; therefore, this method was not used. 
The last method to be considered is one which uses surface 
tension data to estimate values of CED. Surface tension bears a 
close relationship to the heat of vaporization. Hildebrand gives 
the following empirical formula which he states is only an approxi-
mat ion. 
( "'\0.86 CED = K ~:JI (3-7) 
where, for cf in dynes/centimeter, V in cubic centimeters/moleJ and 
GED in calories/cubic centimeter, K is a numerical function of the 
system temperature. This equation is not suitable for calculations 
of cohesive energy density functions of gases or liquids in this 
study because K values must be determined experimentally for eaich 
temperature. 
This leaves but one convenient formula to be used for the 
calculations of the CED functions of gases.. That is equation (2-9), 
which when used along with thermodynamic data pre.pared by Lyde rs en. 
et. al. (6)., gives very good results which may be presented in the 
form of design curves. 
CHAPTER IV 
COMPUTER SOLUTION 
There were approximately 5000 calculations necessary in 
order that the design charts could be prepared for four different 
· critical compressibility factors. The I. B .. M. 650 digital com-
puter was used to make these calculations. A method, other than 
the use of the digital computer, would have required a vaijt amount 
.of time .. 
The For Transit system was used in prograrrnning the cohesive 
energy density equation .. This system is so designed that one, in-
experienced and unfamiliar with computer prograrrnning, may write 
prograjlls closely related to those of ma.thematics;, International 
Business Machines Corporat.ion (7) published a detailed and 11:omplete 
For Transit manual in 1957. The program was written and used for 
the calculation of CED/Pc = D.E 
Tc 
diagram of this program is shown 
Pr 
82.06 Z Tc 
in Figure 1. 
A block flow 
In this program, 2640 values of D.E/Tc, z, Tr, and Pr for 
components with a critical compressibility factor of 0,23 were 
fed into the computer as data. 2500 values of the variables were 
fed in for the Zc of 0.25, 7000 values for the Zc of o •. 27, and 
2500 values for the Zc of 0.,29. The For Transit program used 
in the calculation of the cohesive energy density equation is 
14 
15 
READ b.. E/Tc, 
/"' 




b..E/Tc .- E Pr= PR 
T = 'lR r 
";1 
COMPUTE 
CED/Pa'!= (E)(PR)/(82006 Z TR) 
,1 
SET 
KC= 100,000,000 CED/Pc 
KA= 100,000,000 PR 
KB = 100,000,000 TR 
~~ 
PUNCIB! KA, KB, KC 
-------. -s:-------J-
Fig .. 1.. Flow Chart for Calculation of CED/Pc 
shown in Table I. 
When using the For Transit system, it is first necessary to 
process the For Transit program statements. In the first step of 
the processing, the For 'Transit statements and the For Transit 
package deck are f~d into the computer. This step produces the 
IT statements and the Table of Correspondence. For the second 
step, the computer accepts the II' statements from those produced 
during the initial phase along with the IT package deck and pro-
duces instructions in symbolic language. In the last phase of 
processing, the machine acc~pts the SOAP II deck and the output 
of the second phase and produces the final object program. This 
program, along with necessary data. cards, is the deck whkh is 
used for the calculation of the cohesive energy density functions. 
A listing of the object program is presented in Table IL 
'l'he data were loaded on the type 2 data card. On the type 2 
data card, seven pieces of data may be punched if desired; however, 
the variables to which these values refer must have had <eontiguous 
and successive identifications assigned to them by the translator. 
The format for the type 2 ~ard is shown in Figure 2. 
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TABLE I 
FOR TRANSIT PROGRAM FOR CALCULATION OF CED 
0 0001 0 READ 
0 0002 0 CEDPC = E*PR/(Z*82.06* 
0 0002 1 TR) 
0 0003 0 KA PR,%'100, 000, 000 
0 0004 0 KB 'I'R*lOO, 000, 000 
0 0005 0 KC= CEDPC*l00,000,000 
0 0006 0 PUNCH,KA,KB,KC 
0 0000 0 GO to 1 
0 0000 0 STOP 
y y Sign Sign I 
) 
Numer. Number Value of Value of EtlC. I Indent. of First Variable Second Variable 
Q) of Variables 
"cl 
, :first on Card 0 
c.:> Variable 
1 2 3 6 7 10 11 20 21 30 31 




OBJECT PROGRAM FOR CALCULATION· OF CED/Pe 
l+ 6001101890+ 1999+ 6901521773+ 152+ 6000570161+ 1866010519+ 9901060152+ 
2+ 3901170167+ 3900560156+ 6000550159+ 2100000150+ 3400000200+ 161016701+ 5001560159+ 
3+ 3900540154+ 2100530206+ 206+ 650ll80123+ 6000550209+ 200015401+ 702060250+ 
4+ 6902501790+ 39'00000300+ 6901531586+ 2000020155+ 155+ 123020_903+ 1530108+ 
5+ 6501180173+ 6000570211+ 6903501790+ 3900000400+ 6902031586+ 155035001+ 7302110400+ 
6+ 2.000030256+ 256+ 6501180223+ 6000530157+ 6904501790+ 203010902+ 5604500223+ 
7+ 3900000500+ 6902531586+ 2000040207+ 207+ 6501190.273+ 157050002+ 530107_0207+ 
8+ 2019500303+ 6501200125+ 2019510204+ 6501210175+ 2019520205+ 273030301+ 2502040175+ 
9+ 6501220127+ 6901301552+ 130+ 1040105+ 158+ 205012701+ 401300104+ 
10+ 10.1580162+ 104+ 30003+ 1001+ 1002+ 158011001+ 2201210120+ 
11+ 1003+ 100000000+ 8206000052+ 3000+ 2000+ 119011801+ 1701160115+ 
12+ 1000+ 103+ 52+ l+ 2000+ 1140ll301+ 1201110000+ 
13- 1999+ 103+ 52+ l+ 2000+ 1981000000+ 
18 
CHAPTER V 
PRESENTATION OF RESULTS 
The tables presented in Appendix C list the values of 
CED/Pc that were calculated with the IBM 650. 
By taking the calculated values of CED/Pc, it was possible 
to plot CED/Pc versus Pr with Tr as a parameter. Design r.:u:n:ves 
for Tr of 0.50 through Tr of 2..,0 are pres.ented in Figures 3, 4, 
5, and 6. Figure 3 is to be used for components having critical 
compressibilities of approximately 0.23.. .Figures 4, 5, and 6 
are to be used for components having critical compressibilities 
of 0.25, 0.27, and 0.29, respectively. These curves can be ex-
tended for larger values of reduced pressure and reduced temperature. 
In .Appendix Bis a table.showing results obtained from caku-
lated values of (CED/Pc)~. These cakulated values a.re ~ompared 
with experimental values taken from the literature,, .The two 
values in most cases compare very favorably. In this ir!omparison 
23 compounds .are co1;11pared. In 17 of the 23 rcomponents the error 
was found to be less than 2%. All of the values c:akulated ha/d 
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Fig, 4. Gohesive Energy Density/Critical Pressure for Zc of 0.25 
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Pr, Reduced Pressure 












Pr, Reduced Pressure 
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SUMMARY AND CONCLUSIONS 
The purpose of this study was to provide the means for 
determining the cohesive energy density of various gases at elevated 
pressures and tempe.ratures by the use of design 4:urves .. The govern~ 
ing equation of the problem was the heat of mixing equ.a:tion,. 
By mathematical manipulation of the heat of mixing equation 
in conjunction with the general gas law for an imperfect gas, a 
digital computer solution was obtained which was used to calculate 
the cohesive energy density functions of gases. 
Design curves of CED/Pc9 versus reduced pressure, Pr, with 
reduced temperature, T.r, were prepared,, Since . the values of 
CED/Pc, read from the appropriate design curve, are equal to tt,1e 
cohesive energy density when multiplied by the critical pressure, 
. Pi;, it is evident that the ieohesive energy density fun\i!tion is 
readily determined by use of the curves. 
One stipulation to be made is that the system must not be in 
I 
the two phase region. The curves do not permit calculation of «!o-
hesive energy density function in the two phase region because at 
the present time there is no means of determining the liquid or 
vapor percent in the two phase region,. If liquid percent lines 
were to be superimposed on the two phase region it would then be 
24 
possible to calc.ulate CED values there. 
The curves in Figures 3, 4, S, and 6 show that the cohesive 
energy density of a fluid increases as the system pressure is in-
creased~ The cohesive energy density values decrease as the 
temperature is increased. 
The values of CED for fluids obtained from this study agree 
closely with those obtained by Hildebrand •. The maximum differenice 
was 4.9%. In 17 out of 23 components studied, the error was found 
to be less than 2.0%. A comparison of values of CED obtained in 
this study with those of Burrell are also in close agreement. 
These values are all obtained at the system pressure and at a 
te~perature of 25 degrees Centigrade •. Because of assumptions 
made by Hildebrand in his original investigation, it is felt that 
values of CED obtained from Figures 3, 4, S, and 6 will be ac«::urate 
enough for most solubility cakulations .. 
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CH.APTER VII 
RECOMMENDATION FOR FUTURE :STUDY 
The cohesfve energy density problem considered in this study 
was for fluids at high pressures and temperatures,, ,Closely re-
. . 
lated to this is the problem of finding ,_cohesive energy densities 
of liquids and solidso 
J~ H •. Hildebrand (1) developed several methods for the deter-
mination .of cohesive .energy density functions of liquids and solids,, 
These various methods are outlined in Chapter III.. The method best 
suited is outlined in the following equation: 
.,, (!)r c~p> -p oT V (1-1) 
where 
EOE) RY. T = Internal pressure 
T(dP) 
oT V = 
Thermal Pressure 
The so;..called thermal pressure f_oP) T \_dT V may be obtained either 
by direct measurement or from the coefficients of thermal expansion 
and compressibility 0( and(3. At low pressures, the pressure$ P, in 
equation (7-1) is entirely neglected by Hildebrand be@ause of the 
magnitude of the internal pressure., By making this assumption we 
can ~rite: 
(oE) T (oP) "" N~ 
oV T = oT V , ·v 
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'2, 7 
For a van der Walls liquid n equals 1.,0, and thte internal preis:su:re 
equals the cohesive energy density. Thus for nonpolar liquidsp we <t!an 
use T (~).v as a measu:re. of the cohesive energy density~ 
(7-3) 
The author believes that equation (7-3) is valid and could be 
used to prepare design curves to evaluate the cohesive energy densi-
ties of liquids at different temperatures and pressures., 
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The following problem will illustrate the use of the design 
curves for the calculation of the cohesive energy density or solubility 
parameters o"f a gas., 
PROB LE Mg 
One mole of propane is at a temperature of 25"' Centigradeo 
The vapor pressure of propane is 138 psia. The gas is further 
characterized by the following propertiesg 
Critical compressibility, Zc = 0.277 
Critical temperature., Tc = 369.,9"' Kelvin 
Critical pressure, Pc= 617 psia 
It is desired to (1) !Calculate the cohesive energy density and 
(2) calculate the the solubility parameter of the propane at the 
given pressure and temperature,, Also., it is desired to (3) compare 
the resulting value of the solubility with that obtained by Hilde-
brand., 
SOLUTION: 
(1) Reduced temperature, Tr = T/Tc 
Tr = 298/369.9 
T = 0.805 r 
Reduced pressure, Pr = P/P C 
Pr = 138/617 
29 
CED/Pc - Oo87 (From Figo 5). 
CED= Pc x CED/Pc 
= 36~42 calories/cc . 
(2) cl= (CED)~ 
- (36.4t)~ 
- 6.02 (calories/cc)~ 
(3) .For propane at 25° Centigrade, Hildebrand found cl to be 
6.0.., This compares very closely with the value determined 
by using t.he design curves~ 
The cohesive energy density of propane at 25° Centigrade is 
30 
' 1: 36.,42 calories/cc,, and the solubility parameter is 6 ... 02 (calories/c:c) 2 • 
APPENDIX B 
TABLE III 
COMPARISON OF RESULTS 
This Study Previous Investigation 
Propane 6.02 6.00 Hildebrand 
N-Butane 6.80 6.70 Hildebrand 
N-Pentane 7. (Y2 7.05 Hildebrand 
N-Hexane 7.30 7.30 Hildebrand 
N-Fltptane 7.50 7 .45 Hildebrand 
N-Octane 7.38 7 .55 Hildebrand 
1,3 Butadiene 7.10 7.10 Hildebrand 
Methylal 8.10 8 .20 Hildebrand 
Ethyl Ether 7.38 7 .40 Hildebrand 
Methyl Formate 10.22 10.20 Burrell 
Ethyl Formate 9.28 9.40 Burrell 
Methyl Acetate 9.60 9.60 Burrell 
Propyl Formate 9.10 9.20 Burrell 
Ethyl Acetate 9.06 9 .. 10 Burrell 
Propyl Acetate 8.40 8.70 Burrell 
Propyl Alcohol 1L35 11.90 Burrell 
Chlorobenz.ene 9.30 9.50 Burrell 
Carbon Tetrachloride 8.70 8.60 Burrell 
Bromobenzene 9.00 8.95 Burrell 
Acetone 9.75 9. 77 Bur·rell 
Benzene 9.20 9.20 Bu:rrell 
Water 23.20 23.40 Burrell 
Carbon Disulfiae 9.85 10.00 Burrell 
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APPEND.IX C: 
TABLES OF COMPU'I'ED CED/Pc 
/ 
T~LE IV 
MACHINE . CALCULATED VALUES FOR zc OF 0.23 
Tr 'p~ Pr fr Pr Pr Pr P:r Pr 
.·.01 ·0.1 0.2 0.3 o 4 
-~ . 
0.5 Oo6 0~7 
005000000 2,4130312 2,4131937· 2,4214276 204246197 · 204266266 204310252 2,4313523 204388581 
006000000 2 o 13461.69 201353981 2,1361793 2,1426i06 2,1420171 201452798 2,1504884 201544465 
007000000 000000162 1,8191532 108203236 1,8270506 1,83°09424 1,8367678 1,8386119 108425365 
008000000. 000000072 Oo 1296120 lo4859955 1,4885.343 104912067 104987370 lo5067641 105130562 
009000000 000000036. 0,0003866 OoOOlB.094 0,0051962, 0,0116810 101003157 1,1101069 1.1232258 
009200000 000000033 000003471 0,0016243 0,0043635 000094823 · 000186082 1,0224861 1,0359418 
009400000 000000029 000003.166 .0,0014350 0,0037429 0,0.078971 Oo01522ili 0,2495752 0,9347288 
0,9600000 .ll.00000 27 o·,0002863 0,0012735 000033018 0,0067533 0,'0125323 0,0243294 0, 7951.482 
009800000 0~0000024 Oo.oooz's92 Q,0011598 000028924 000058531 000105712 0,0200174 Oo03050E>8 
1,0000000 0,0000023 000002394 0,0010321 ' 0.,0025813 0,0051343 000090785 O,Ot65003 000244871 
1,0100000 000000021 .000002305 000009823 000024441 000048432 .0,0084683 O,Oi48167 0,0221402 
1,0200000 000000021 00000220/+ 000009440 000023269 00004595.1.· 0,0079331 0,0136815 000201738 
lo030·oooo 000000020 0,0002120 ·000009075 o·,0022139 · 0000431~7 0,0074572 0,0125311 0,0185776 
1,0400000 O,OQOOOi9 0,00020't9 Oo000·8685 0,0021101· O,OO't09't3 · 0,0'070178 000118336 0,0171741 
l 00500000 000000018 ci,0001956 000008296 000020125 00003·8889 000066093 0,0107903 0,0158741 
1,0600000 000000018 Oo'l001900 000007?32 0,0019211 000036945 010062566 0,0101842 0,0148320 
1,0700000 00000901'7 000001798 000007616 0,0018314 0,0035106 000059142 0,0095065 00013-8342 
.100800000 0,.0000016 000001n4 000007275. 0,0017477 000033419 0,00560.89 0,0088894 000129283 
1,0900000 000000016 OoooOi6B2 0,0007021 0,0016806 0,0031950 0,0053511 0,0084159 0,0122226 
lo 1000000 000000015 000001642 0,0006756 0;0016168 ·o,003oso 0·,0050945 0~0079408 000115174 
1,1200000 Oo000·0015 000001511 000006250 0,0015162 0,0027844 000046445 0,0072044 0,0103272 
1,1400000 OoOOOOOU 0,0001428 0,000580:i! 0,0013768 . ooooisaos 0,0042578 000063012 0,0093289 
lo 1600000 000000012 000001283 0,0005471 000012807 o.,oona48 0,0039190 0,0059546 0,0084784 
1, •.aooooo 000000012 000001239 0··0005083 0,0011991 0,0021930 0,0036516 000055047 0,0077826 
i.2000000 or.0000011 000001197 000004777 0,0011239 0,0020748 0,0033831 000052569 0,0068556 
103000000 000000009 0,0000909 0,0003560 0,0008310 o,·001s109 0.,0023830 . 000038350 0,0050025 
104000000 0.0000006 0,-0000710 0.00002679 0,0005988 OoOO 11605 0,0018567. 0,0027224 0,0037330 
105000000 000000005 0,0000587 0,0002125 000004.729 0,0009036 000014591 0,0021051 0,0029243 
106000000 ·000000005 o,oooo501t OoQOOl861 ·0,0003947 · 0,0007624 OoOOll'tB3 0,0017995 000023806 
1,7000000 000000004 0,0000430 0,0001156 0,0003547· OoOQ06731 o,oorooa3 0,0014631 0,0019875 
c. 
Tr l'r p r Pr Pr Pr Pr p r Pr 
o .. B 0.,9 1 .. 0 1.05 1.10 lee 15. .1. 20 1. 25 
0,5000000 2,4360941 2;4341490 2,4489332 2;4403345 2,4477376 2,,/+532982 2,4445801 2,4499213 
006000000 2,1616514 2,1599523 2,1588791 2, 1532846 2, 1587749 2, l655628 2, 1718351 2,1774908 
0,7QOQOOO 1,.8476312 1,8483779 1,8618557 108601797·; lo 8587134 1,85728~9 1,8692644 1,8678758 
o,soooooo 1.,5200260 lo.5259602 1,5313000 1,5377859 l,5U06,4 1,5389547 1, 5346433 1,5421796 
009000000 .1.-1358016 lo 1425739 1,0884346 1,1629702 lol.711648 101786248 l, 1866054 101852501 
0,9200000 l 004.84684 100678067 1,0789679 100885154 1,0887692 l 00°973355 1,1054602 1'1051737 
0,9400000 0,9669750 0,9662735 0,9812703 0,9922785 1,0026195 1,0035937 1,0111958 1,0127611 
Oo96000QO 0•815605·3 Q,8463120 0,8670178 0,8741380 0,8937576 . 0,8979862 0;9149000 0,,9248309 
. 0,980()000 0,0545816 0,6981855 0,7372251 0,7595239 0,7741027 0,7873656 0,8097804 o:,81745Bo 
100000000 0003961>04 0,0660184 0,3126917 0,4457324 0,6119344 0,6376'!31 0,6827544 0,6937585 
1,0100000 o.o034B644 0,0557597 0,1085080 0, 1851.938 0,3811698 o .. so64877 .0,5717883 0,6086344 
100201)000 000310084 0,.0475 221 0,07735l'i 0, 1035069 0,1528057 0,2628990 0,3989648. 0,4840355 
100300000 0,0279629 000419318 0,064.6069 0,0819660 0,1065020 0 ., 1454817 0,.2287570 ·0,3206141 
1,0400000 000255666 0,0.373119 0,0!i54615 0,06746.57 0,0843476 001069913 0,1394019 Ool867477 
1,050()000 0002n741 o, 0335917 0,04859.26 0;0584770 ·0,0109482 0,0899207 0, 1066774 001334149 
100600000 000216284 0,0306919 0,0436936 000518645 000620707 0,0735381 0,0896051 0,1076159 
1,0700000 0 00199636 0,0280305 0,0392615 0,0462796 0,0545768 0,0643801 .0,0763454. o;oa9&915 
l,080QOOO 00018495.4 0,0258080 000356559 0,0417300 0,0487230 0,0569492 000666·757 0,0773849 
lo090QOOO OoOl 73976. 000240577 0,0329251 0,0383532 O, 044't99.B . 0,0516327 0,0598952 0:006&6907 
1,1000000 000163829 0,0223162 0,0302892 0,0350319 000404509 0,0465316 0,0536411 0,0613299 
lol20QOOO" 000146778 ·0,0195849 0,02620&1 0,0300889 0,0344545 000393489 000448552 0,0507674, 
101400000 000131790" 000173785 000230336 000262904 0,0325560 000339137 0,0384276 0,0431097 
1,1600000 .000116257 0,0154244 0,0198793 000231426· 0,0,315402 000295244 000332461 0,0370993 
101&00000 000107955 0,0140157 0,0182903 0,0207317 O,Q285719 0,0262094 0,0293417 0,03265 76 
·10200Qooo 0,0099635 00012ao21 0,0165867 0,018700t 0,0178820 0,0234919 0,0261995 0,0290554 
1,3.00QOOO o,006740B 000089429 o·,ouooa5 0001229.19 0,013.6470 o·,0151125 0,0166852 0,0183147 
1,4000000 o·,00496'.!6 000063651 ooooao192 0,0089256 0,0098536 0,0109375 0,0119747 . 0,0131979 
lo500QOOO 0,0039368 0,0049475 000063431 O,OJ68945 0,0076140 000083829 000095774• 0,0100322 
l ,600QOOO 000031228 Oo0.039601 0,0049514 0,0054811 0,0060542 o,006629B 0,0072234 0,0079099 
1,7000000 010025652 Oo 00.33028 0,0041186 0,0045459 0,0051191 0,0056831 0,0060631 000066212 
32 
33 
TABLE IV (Continued) 
Tr Pr Pr Pr Pr Pr Pr Pr 
L,30 1.35 1..40 L45 1 .. 50 1 .. 60 L70 
005000000 204680448 204479649 204552555 204572856 2•4616686 204592175 204570982 
016000000 201739363 201759244 201689189 201743913. 201793949 211779Q27 2 ol854209 
017000000 118663563 108880410 lo8756289 118743939 108729949' 108809061 108972553 
008000000 105491396 105453327 105518346 105480454 lo 55_37412 l 05557033. lo 5653734 
019000000 101921336 101986868 102049415 102036928 · 102096207 102205483 102305605 
0,9200000 111126445 101196660 101266203 101329489 101286426 101438516 lo 1548511 
019400000 100221726 100321377 100463678 100529072 100592992 1,0652743 100769208 
0.9600000 009341699 009374492 009519554 009548776 009634503 0,9798925 009954065 
0,9800000 008284754 008393559 008492324 0.8580152 0,6667263 008984380 009027433 
100000000 007157154 007336574 007499203 007599968 0,7738559 007966853 008165514 
110100000 006352088 006581243 0.6680250 006964823 0,7145181 007432378 007655058 
1.0200000 -0.5225916 005595754 005777979 006268581 006460136 006904846 007134236 
110300000 003744642 Oo438833i Oo4642374 005457105 005712583 011147632 006596060 
100400000 002388752 003037920 003316422 004335593 004684858 005464377 005933773 
100500000 0,1703776 0,2172131 002300880 003232886 003666818 0,4614013 005207814 
110600000 001339767 001653235 0,1706503 002434931 002823355 003783695 Oo4511269 
100700000 0,1085052 0,1300106 001320374 001857724 002154635 012983775 003755580 
110800000 000916099 001075907 001081456 0,1486254 001724879 ·002354614 003063509 
l 00900000 000807645 000937000 000938502 0, 1262996 001451721 Ool944144 Oo.2521297 
1.1000000 0 00708640" 000813763 - 0 0081132 l 001071726 001219279 001599909 002074808 
1.1200000 000579620 000656223 000650737 000839881 000940693 001195452 001512865 
101400000 000488038 000547057 000541406 000687890 000763283 010952101 001182382 
101600000 000417101 0,0464369 000458592 000575562 000634205 0 o 0779798 000954003 
101800000 000364590 000404800 0,0398897 000495246 000544005 000662977 000798731 
102000000 Oo0323433 000357412 000351783 0,0434953 000476373 000571654 000684461 
103000000 o.02015eo 000219957 0.0215532 000260547 000281922 000330577 0,0383701 
114000000 0,0144360 010156860 000151511 OoOlB3Bll 000197832 0,0228648 0,0259846 
115000000 000109805 _ Oo0ll7!U3 000116027 000138201' 000149774 000171940 000195787 
lo6000000 0 ,00863.84 000093433 000090553 000108405 000117330 000146261 000151129 
1,7000000 0.0012212 000079149 000074_761 000084_982 000092616 000110400 000123825 
TABLE V 
MACHINE CALCULATED VALUES FOR Zc OF 0.25 
Tr Pr Pr Pr Pr Pr Pr Pr 
.01 0 .. 1 0.2 0.3 0 .• 4 o.s 0.6 
005000000 000036546 201175324 2 02590179 202544480 2o 3303170 202559713 202559713 
006000000 000028021 109077714 1.9788076,, 109384568 109512182 109595189 109427078 
Oo700QOOO Oooooooao 105207886 105796932 106020507 l,6134405 106248274 106315852 
0,8000000 000000055 0,0006012 1·,2315098 1,2350250 1'2628254 1,2614626 102617470 
009000000 0,0000035 0,0003601 0,0015623 000040027 0,0083604 0,8811104 0,9017791 
009200000. 0,0000033 0,0003293 0,0014319 0,0036168 o,·0073914 Oo 1397325 OoB218904 
0,9400000 0,0000031 0,0003002 0,001·2863 OoOQ31916 0,0064984 0,1204703 0,0021375 
009600000 0,0000028 0,000266.1 0,0011679 000028649· 0,0056768 001049367 000017704 
009800000 000000025 0,0002463 0,0010565 0,0025638. 0,0050705 0,0910067 0,0015089 
I 00000000 000000023 0,0002277 000009770 0,0023211 000045371 0,0800104 0,0012874 
loOlOOOOO 0,0000021 0,0002127 0,0009130 0,0021652 000043458 0,0075409 0,0012065 
1,0200000 0,0000020 0,0002104 0,0008745 0,0020538 0,0040946 0,0717131 000011244 
1,0300000 000000020 0,0002079 ciooooa307 0,0019454 0,0039253 000067255 0,0010584 
1,0400000 000000020 0,0002055 000008029 0,0018398 0,0037561 0,0632802 0,0010107 
1,0500000 0,0000018 0,0001912 0,0007439 OoOOl 7756 0,003583.3 000599104 0,0009424 
1,0600000 0,0000017 o, 0001774 000007101 0;0016749 0,0034239 0,0567977 000008911 
100700000 0,000·~017 0,0001755 000006777 0,0016144 0,0032688 0,0538485 0,0008594 1,0800000 000000015 000001621 0,0006461 0,0014830 0,00H215 0,0503847 0,0081108 
1,0900000 0,0000015 0,0001605 0,0006151 0,0014249 0,0029779 0,0483813 0,0077431 
lolOOOOOO 0,0000014 0,0001532 0,0005843 000013380 0,0028412 0,0457304 0,0074389 
1,1200000 000000014 0,0001447. 000005377 000012364 000026229 0 ,0412710 0,0067454 
lol400000 0,0000012 000001364' 0,0004935 0,0011403 000024149 0 ,0371337 0,0060976 
1,1600000 0,0000012 0,0001285 0,0004500 , 0,0010797 0,0022140 0 o.0349783 0,0057102 
1,1500000 OoOOOOOll 000001156 0,0004216 0,0009588 0,0020315 0,0318029 000052704 
1,2000000 000000010 0,0001084 0,0003901 0,0009055 0,0018985 0,0029304 0,0049160 
103000000 0,0000008 0,0000807 000002705 0,0006451 0,0013107 0,0021647 0,0033770 
1,4000000 000000006 000000616 0,0002042 0,0005114 0,0009459 0,0016527 0,0024044 
1,5000000 0,0000004 000000491 0,0001649 0,0003987 0,0001·355 0,0013103 0,0017958 
1,6000000· 0,0000003 0,0000383 o,0·001357 0,0003250 0,0005918 0,0010207 0,0013328 
1, 7000000 0,0000002 0,0000289 0,0001232 0,0002·829 000004662 000008429 0,0011073 
1,8000000 0,0000002 0,0000204 0,0001093 0,0002254 o·.0003841 0,0006873 0,0009927 
1,9000000 0,0000001 0,0000129 0,0000904 0,0001743 0,0003365 0,0005836 0,0008187 
2,0000000 000000000 0,0000061 0,00007~5 0,0001471 0,0002697 Ooo<io4602 000007002 
Tr Pr Pr Pr Pr fr Pr Pr 
0.7 0.8 0.9 LO LOS 1.10 1.15 
0,5000000 2,2574946 1,9670359 2,2590179 1,9750975 2,2590179 2,2590179 2, 2605411 
0,6000000 1,9506052 1,7148178 1,9621694 l • 7145418 1,9708529 1',9720561 1,9745888 
0,7000000 l,637i902 1,4249371 106477933 1,4353666 h6504360 1,6583152 106533234 
0,8000000 1,2759573 1,1209207 1,2855644 l,1251229 lo 2891722 1,295'8801 1,3035563 
0,9000000 0,9220600 Oo8l33l63 0,9436497 0,8334559 009533913 0,9586862 0,9658390 
0,9200000 0,8344901 Oo741a490 0,8603195 Q,765804~ 0,8745136 0,8822666 0,8877367 
0,9400000 0,7463587 0,6683687 0,7678062 0,6891855 0,7872259 0,7953312 0,8021818 
0,9600000 0,0316500 o,5772412 0,6661401 0,6007950 0,6834294 0,6927628 0,7027015 
0,9800000 000241120 000437365 0,54783i4 0,5023986 0,5717352 0,5756324 0,5826895 
1,0000000 000199041 0,0342737 0,0598830 0,2261218 O, 3257573 O, 3720778 0,4106467 
100·100000 0,0184230 0,0312499 0,0493590 000973211 0,1937585 0,2860274 0,3378858 
1,0200000 0,0171907 0,0282933 0,0430464 0,0734674 0,1086180 0,1671601 0,2323437 
1,0300000 0,0160003 0,0258384 0,0381272 O,d596892 0,0810295 O,ll19843 0,1601713 
1,0400000 0,0148631 O, 0237985 0,0341186 0,051Q763 000662137 0,0799755 0,1121459 
1,0500000 0,0141475 0,0219597 0,0313044 000446381 0,0570555 0,0674052 0,0885381 
100600000 0,0132904 0,0204241 0,0286316 0,0394111 0,0497051 0,0589396 0,0724700 
1,0700000 0,0125337 0,0188338 ci,0265d88 0,0356993 0,0441690 0,0520225 0,0622697 
1,0800000 o ,o ll 9582 0,0175753 0, 0248873 0,0324548 0,0400485 0,0465191 0,0555803 
1,0900000 O,Oll3635 0,0166236 0,0231663 0,0303131 0,0364498 0,0426072 000501736 
1,1000000 0,0107598 0,0155928 0,0215505 0,0283289 0,0339490 0,0395026 0,0458724 
101200000 0,0098245 0,0141212 0,0191168 0,0248311 0,0288055 000337217 0,0391487 
1,1400000 0,0088671 0,0129344 '0,0169483 0,0223837 0,0257348 0,0295209 0,0345411 
1,1600000 0,0080541 0,0116525 0,0155174 0,0206256 0,0227709 0,0262059 0,0305384 
101800000 000075019 d,0109156 0,0142725 0,0188009 0,0205533 0,0239872 0,0273701 
102000000 0,0070259 Q,0101672 0,0133123 0,0173723 0,0189532 0,0218494 0,0253212 
103000000 0,0048848 000072791 0,0090945 0,0119225 0,0132407 0,0149582 0,0170620 
1,4000000 Oo-003Bl64 0,0052983 000064565 0,0085204 0,0096314 0,0106987 0,0126263 
1,5000000 ·0,0028824 0,0038555 0,0049160 0,0062089 Oo 1)071395 0,0078133 0,0091173 
l,6000000 ·o,0.022698 0,0029830 Q,0039477 000047401 0,0055123 0,0060736 0,0068165 
107000000 0,0018031 0,0024239 0,0032024 0,0038667; 0,0042426 0,0047014 0,0052710 
1,8000000 0,001496Q 0,0019895 0,0026817 0,0030583 0,0035909 0,0038466 0,0041953 
109000000 0,0012736 0,0016737 0,0022269 0,0028056 0,0030298 0 ,d03325 l 0,0035628 
2,0000000 0,001ll78 0,0014771 0,0019941 0,0023435 0,0025954 o ,0029288 0,0030682 
34 
TABLE VI 
MACHINE CALCULATED VALUES FOR Zc OF 0.27 
Tr Pr Pr Pr Pr Pr Pr Pr Pr 
~01 0 .. 1 0.2 0,3 0.4 o.s 0.6 0.7 
0,5,000000 0,0034111 1,.8712595 1,8233198 1,8425542 1,8536386 1,8213790 1,8505306 lo8580l55 
006000000 0,0025860 l,59<,9007 1,5522025 1,5705282 1,5810820 1,5690976 1,5792327 1,5991249 
0.1000000 0.0000054 1,2940590 1,2975'!07 1,2727393 1,2831189 1,2907756 1,2829576 1,3013947 
0,6000000 0,0000036 1,1323016 0,9972377 1,0230180 1.0·203365 100349928 1,0334040 1,0422491 
0,9000000 0.0000021 0,0002859 0,0013388 0,0035407 0,0680555 0,7262486 0, 7392071 0,7492259 
0,9200000 0,0000025 O, o.002646 0,0012349 0,0032092 0,0615772 Oo 1156682 0,6716940 0,6773793 
009400000 0,0000023 o, 000·2443 0, 0011124 0,0029078 0,0545854 0,1014194 0, 0175603 0,6107117 
009600000 0,0000021 0,0002252 0,0010266 0,0026323 0,0484763 0,0884073 0,0149063 0,0263819 
0,9800000 0.0000021 0,0002068 0,0009440 0,0023341 0,0442395 0,0787119 0,0130643 0,0215974 
1,0000000 0,0000020 0,0002146 0,0008676 0,0021384 0,0397564 000707438 0,0113307 0,0180542 
1,0100000 0.0.000019 0,0001998 O,OQ08303 0,0020266 0,0373862 000671136 0,0106794 0,0168211 
1,0200000 0,0000017 0,0001853 0,0007939 0,0019179 0,0356468 0,0636114 Q,0100689 0,0157664 
lo03000QO 0,0000015 0 ,0001772 0,0007845 0,0018121 0,0345478 0,0609489 0,0094951 o.o 146739 
1,0400000 0,0000016 0,0001691 0,0007495 0,0017090 0,0329386 000570383 0,0089430 0,0137789 
100500000 0,0000015 0,0001553 0,0007161 0,0016488 0,0313745 0,0540131 0,0085958 0,0129392 
100600000 0,0000015 0,0001478 0,0006834 0,0015522 0,0293302 0,0516998 0,0081853 0,0122529 
1,0700000 0,0000014 0,0001404 0,0006514 0,0014920 0,0283757 0,0495755 0,0076948 0,0116219 l,,0800000 0,000001.3 0,0001390 0,0006202 0,0014012 0,0·275083 0 ,048,1131 0,0073945 0,0108978· 100900000 0,0!)000i3 O, 0001376 .0,0006132 0,0013853 0,0261285 000453944 0,0070312 0,0102973 1,1000000 0,0000012 0,0001248 0,0005830 0,0012962 0,0252794 0,0434947 0,0066708 0,0100186 1,1200,000 0,0000012 0.0001225 0,0005366 . 0,0011959 0,023i860 000397462 0,0061515 0,0090316 101400000 0,0000010 0,0001091 0,0004914 0,0011342 0,0212143 0,0368817 0,0056746 0,0082941 1,1600000 ,0 ,0000009. 0,0000964 0,0004596. 0,0010426 0,0193307 000336029 0,0052164 0,0076856 1,1800000 0,0000009 0,0000946 0,0004289 0,0009537 0,0179996 0,0310508 0,0048695' 0,0070424 i.2000000 0,0000008 0,0000826 0,0003998 0,0008695 0,0167054 0,0291750 0,0044·435 0,0065973 103000000 0,0000006 0,0000664 0,0002791 0•0006437 0,0111099 0,0211443 0,0031314 0,0048119 lo/+000000 o.00·00004 0,0000439 0,0002127 0,0004298 0,0083504 0,0155927 0,0023409 0,0035455 1,5000000 0,0000004 0,0000368 0,0001647 0,0003481 '0,0063653 o,Oll3889 0,0017390 0,0026994 
'l 06000000 0,0000003 0,0000307 0,0001233 0,0002783 0,0052956 000090018 0, 0013733 0,0021569 
1,7000000 0,0000002 0,0000216 0,0000869 0,0002174 0,0043709 0,0076803 0,0011481 0,0017000 
l,8000000 0,0000002 0,0000170 0,0000683 0,0001844 0,0035668 000065295 0,0009927 0,0014477 
1.9000000 0,0000001 0,0000129 0,0000516 0,0001550 0,0031065 0,0055123 0,0007797, 0,0012281 
2,0000000 0,0000000 0,0000061 0,0000367 0,0001287 0,0024519 0,0039884 0,0007002 0.0010748 
Tr Pr Pr Pr Pr Pr Pr Pr Pr 
0.8 0.9 1.0 1.05 1.10 1.15 L20 1.25 
o,5000000 2,1261+929 1,8585071 1,8645560 l, 8686 7,84 1,8700065 1,8636808 l,8664835 1,8691722 
0,6000000 l,8143906 1,5854501 1,5911845 1,5938274 1,5951232 1,5975115 1,6060794 1,6145721 
o, 7000000 1,5041259 l, 3087370 1,3143116 l, 3177298 1,3230737 1,3192498 1, 3242343 1, 3207124 
0,8000000 1,1935313 1,0486184 1,0547370 1,0575241 1,0601615 1,0626683 1,0661169 1,0684086 
0,9000000 0,8603847 o, 7611831 0,1103291 0,7750688 0,7805690 0,7850127 0,7902569 O, 7953959 , 
009200000 0,7843538 0,6935231 0,7052770 o, 7103729 0, 7161603 0,1208990 0,7263771 0,7347880 
0,9400000 .0,6125235 0,6255843 0,63.64929 0,6428007 0,6488927 0,6539478 0,6605288 0,6661132 
0,9600000 0,5997626 0:,5416954 0,5574305 0,5615389 0,5688482 005759452 0,5883551 0,5966486 
0,9800000 0,0387162. Cl,4316687 0,4538025 0,1025082 0,4747633 0,4906047 0,5023208 0,5146503 
100000000 0,0303863 0,0491432 0,1963333 0,2853956 0,3327269 0,3758050 0,4081270 ,0,4303424 
1.010000.0 0,0267622 0,0422506 0,0882151 0,1464724 0,2493704 0,3040175 0,3356416 0,3633375 
1,0200000 0.,0249021 0,0376874 . 0,0673647 0,0986229 0,1507677 0,2004379 0,2405651 0,2796167 
i,0300000 0,0230380 0,0349843 0,0564916 0,0755209 0,0973962 0,0943746 0.1600587 0,1931635 
1,0400000 0,0213228 0,0317995 0,0490733 ci,0621929 0,0783564 0,0967005 0,1209513 0,1431399 
l,0500000 . 0,0197105 0,0291533 0,0434984 0,0534334 0,0660743 0,0780514 0,0935271 0, 1114193 
1,0600000 0,0185711 o, 0271094 0,0392294 0,0472439 0;0567736 0,0662257 0,0779177 0,0915826 
1,0700000 0,0174075 0,0252242 0,0356993 0,0425315 0,0552576 0,0580579 0,0680844 0,0772362 
1,0800000 0,0164123 0,0237190 0,0327911 0,0382715 0,04~3355 0,0521650 0,0602575 0,0689889 
l,0900000 0,015457'3 0, 0221752 0,0299871 0,0349187 0,0411220 0,0470175 0,0540678 0,0615479 
lo 1000000 0,0145783 0,0208057 0,0·278541 0,0325978 0,0377679 0,0430652 0,0492610 0,0559466 
1,1200000 0,0131952 0,0185228 0,0243796, 0,0281968 0,0326257 000372399 0,0421246 0,0474740 
1.1400000 0,0119724 0,0165,530 0,0218097 0,0250278 0,0287359 0,0325820 0,0368112 0,0414684 
1,1600000 0,0109307 0,0150798 0,0199381 0,0223553 0,0256273 000288679 0,0324521 0,0361405 
1,1800000 0,0100143 0,0137397 0,0178741 0,0203933 0,0225397 0,0261439 0,0295388 o,0330818 
1.2000000 0,0091989 0,0126256 0,0164782 0,0188328 0,0213876 0,0240303 0,0269362 0,0298076 
1,3000000 0,0065173 0,0085910 0,0112663 0,0121526 0,0144678 0,0158796 0,0176825 0,0196007 
1,4000000 0,0047685 000062706 0,0082299 0•0093240 O,OlOS668 000116897 O,Ol:!1312 0,0145988 
l 0500,0000 0,0037178 0,0046770 0,0061215 0,0069389 0,0077878 0,0085863 0,0095242 0,0104126 
l,6000000 0,0028561 0,0035888 0,0046598 0,0051731 0,0058824 0,0065364 0,0072335 0,0078656 
lo 7000000 0,0023648 0,0029991 0,0037923 0,0040855 0,0046189 0,0051846 0,0057889 0,0063261 
1,8000000 0,0018790 0,0024920 0,0031278 0,0033710 0,0036158 000041910 0,0046399 0,0050142 
1,9000000 0,0016214 0,0021683 0,0027403 0,0029609 0,0032495 0,0034834 .0,0038719 0,0042022 
2,0000000 0~0013786 0,0019387 000023435 0,0025954 0,0028607 0,0030682 0,0033540 0,0035713 
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TABLE VI (Continued) 
Tr pr Pr Pr Pr pr Pr Pr Pr 
L30 1.35 1.40 1.45 1. 50 1.60 1. 70 1.80 
0,5000000 1,8717601 1,8742581 1,8766756 1,8790208 1,8813010 1,8792542 1,8838070 l,_8881580 
0,6000000 1,6154904 1,6150895 1,6133748 1,6103508 l,61n901 1,6147898 1,6171463 1,6193833 
0,1000000 1,3265555 1,3310025 1,3828928 1,3307753 1,3348092 1,3356023 1,3376039 1,3434707 
0,8000000 1,0706103 1,0727315 1,0747808 1,0767655 1,0786918 1,0823905 1,0869794 1,0903572 
0,9000000 0,7995148 0,9535391 0,8124136 0,8171205 0,8208373 0,8307813 0,8367749 0,8468701 
0,9200000 0,7408031 0,7458292 0,7516712 0,7565384 0,7648132 0,7740593 0,7853834 0,7962867 
0,9400000 0,7588245 0,6836779 0,6905516 0,6964740 0,7045931 0,7141713 o.·1254337 o. 7392476 
0,9600000 0,6056208 0,6136624 0,6215947 0,6314250 0,6358020 0,6504345 0,6643174 0,6794836 
0,9800000 0,5246262 0,5361291 0,5459359 o,5524271 0,5603446 0,5764290 0,5934968 0,6122838 
1,0000000 0 ,4527310 0,4685066 0,4826570 0,4905074 0,4987956 0,5250623 0,5395578 0,5597792 
1,0100000 0,3895377 0,4098608 0,4325940 0,4323100 0,4'>17566 0,4804115 0,4976059 0,5228965 
1,0200000 0,3157868 0,3485512 0,3750715 0,3888169 . 0,4037123 0,4384125 0,4590983 0,4853170 
1,0300000 0,2197235 o. 2692005 0,3082702 0,3307690 0,3549380 0,3943209 0,4170127 0,4446552 
1,0400000 0,1740886 0,2035789 . 0,2432742 0,2725988 o. 3007366 0,3479138 0.3760492 0,4065271 
1,0500000 0,1334260 0,1582908 0, 1877874 0,2198414 0,2495969 0,3012506 0,3314407 o. 3630692 
1,0600000 0,10839'48 .0, 1295753 0.1533616 0,1794197 o. 2038427 0,2581559 0,2914641 o. 3244177 
1,0700000 0,0930965 0, 1086464 0.1274109 0,1472334 0,1678300 0,2137433 0,2482484 0,2813857 
1,0800000 0,0812111 0,0938337 0,1091059 0,1255449 0,1405858 0,1768891 0,2096636 0,2447930 
1,0900000 0,0716130 0,08129!8 0,0916892 0,1038043 0, 1178237 0,1531449 0,1826249 0,213375! 1,1000000 0,0642313 0,0727506 0,0827765 0,0944365 . 0,1055348 0,1340117 0, 16086 71 0,1666648 1,1200000 0,0538188 0,0599789 0,0681118 0,0764849 0,0852175 0,1061768 0,1267809 0,1514168 1,1400000 0,0464645 0,0518329 0,0579153 0,0643249 0,0718787 0,0881653 0,1060348 0,1265880 1,1600000 0,0404874 0,0451349 0,0502373 0,0554356 0,0610973 0,0746094 0,0885052 0,104353! 1,1800000 0,0365112 0,0402943 0,0446346 0,0487178 0,0538505 0,0656164 0,0770627 0,0905542 
1,2000000 0,0322789 0,0345120 0,0389209 0,0434960 0,0475744 0,0569809 0,0668363 0,0781293 l .3000000 0,0195339 0,0193842 0,0236059 0,0278728 0,0303487 0,0355430 0,0405254 0,0457077 1,4000000 0,0136050 0,0127074 0,0159632 0,0194061 0,0209894 0,0242933 0, 0278457 0,0317568 1,5000000 0,0093670 0.005295·0 0,0115773 0,0149230 0,0159189 0,0183352 0,0207874 0,0237273 1,6000000 0,0069351 0,0058850 0,0086643 0,0114492 0,0120585 0,0133584 0,0153835 0,0178951 
1,7000000 0,0053138 0,0041809 0,0065842 0,0069812 0,0093798 o ,0102673 0,0120293 0,0141669 
1,0000000 0,0038424 0,0026601 0,0048378 0,0070410 0,0073295 0,0081357 0,0095808 0,0113360 
1,9000000 0,0030881 0,0017816 0,0037875 0,0058364 0,0061620 o,0069993 0,0080472 0,0092599 
2,0000000 0,0022608 0,0008393 0,0027882 0:0048782 0,0052440 0,0060055 0,0068202 0,0076806 
Tr Pr Pr Pr Pr. Pr Pr Pr Pr 
1.90 2.00 2.20 2.40 2.60 2.80 3.00 3.50 
0,5000000 1,8923386 1,8963738 1,8980166 1,9043866 , 1,9104062 1,9161493 1,9216708 1,9340811 
0,6000000 1,6215196 1, 5803116 1,6262005 1,6286060 1,6320983 1,6341944 1,6421038 !,6456076 
0,7000000 1,3488784 1,3493335 !,3534058 1,3558318 1,3590702 1,3620223 1,3702079 1,3777776 
0,8000000 1,0965892 1,0984748 1,0969543 1,2196989 1,2304729 1,1283120 l.!353675 1,1500102 
0,9000000 0,8546892 0,8621728 0,8743744 0,8846821 0,8952303 0,9075460 0,9181658 0,9387604 
0,9200000 0,8040538 0,8143414 0,8236293 0,8373285 0,8457601 0,8558136 0,8748064 0,8918515 
0,9400000 0,7496991 0,7615813 0,7736181 o. 784 7264 0,7972889 0,8081034 0,8239861 0,8470484 
0,9600000 0,6932997 0,7058018 o. 7179898 0,12033'00 0,7434937 0,7589176 0 • 7762847 0,8025257 
0,9800000 0,6281142 0,6434436 0,6597813 0,6729812 0,6872445 0,7016035 0, 7230556 0,7548090 
1,0000000 0,5705473 0,5822298 0,5172932 0,6223273 0,6412868 0,6534966 0,6774606 0,7087842 
1,0100000 0,5349060 0,5475903 0,5723346 0,5905022 0,6116819 0,6256211 0,6534089 0,6839235 
1,0200000 0,4996902 0,5169631 0,5435649 0,5631428 0,5816199 0,5962529 0,6218132 0,6591974 
1,0300000 0 ,45945 37 0,4812349 0,5107393 0,5322130 0,5548161 0,5681294 0,5970155 0,6377223 
1,0400000 0,4268263 0,.4496988 0,4788487 0,5027187 0,5263634 0,5452433 0,5701273 0,6105750 
1,0500000 0,3875275 0,4159068 0,4464709 0,4728561 0,4961162 0,5179378 0,5442230 0,5875638 
1,0600000 0,3517443 0,3792836 0,4125518 0,4418936 0,4690767 0,4934285 0,5192592 0,5636471 
1,0100000 0,3!03183 o. 3438777 0,3781747 0,4117598 0,4391145 0,4653890 0,4918536 0,5386037 
1,0800000 0,2767020 0,3087802 0,3445588 0,3802205 0,4104381 0,4398503 0,4662714 0,5146441 
1,0900000. 0,2445554 0,2757348 0,3133806 0,3498099 0,3827631 0,4140892 0,4424121 0,4927483 
1,1000000 0,2156480 0,2442780 0,2835404 0,3225334 0,3562042 0,3894662 0,4185940 0,4700821 
1,1200000 0,1751791 0,1974616 0,2.382480 0,2756403 0,3106782 0,3437134 0 • 3772515 0;4319307 
1,1400000 0,1450133 0, 1647032 0,2004663 0,2334845 0,2713703 0,3061128 o.,3397782 0,3970018 
i,1600000 0,1214466 0,1399320 O.J 738118 0,2056292 0,2423549 0, 2725554 0.3066916 0,3630329 
l,!800000 0,1056292 0,1208026 0,1501686 0,1793499 0,2135636 0,2427011 0,2518257 0,3314933 
1,2000000 0,0906856 0,!056279 0,1303909 0.!581991 0, 19 06915 0,2165947 0,2504089 0,3004674 
1,3000000 0 ,05 26277 0,0607477 0,0757451 0,0923655 0,1116765 0.!312360 0,1555232 0, 1941159 
1,4000000 0,0356431 o, 0397730 0,0497016 0,0603028 0,0724916 0,0857192 0,1023779 0, 1309128 
!,5000000 0,0259953 0,0284154 0,0352367 0,0428860 0,0504997 0,0583271 0,0728474 0,0961805 
1,6000000 0,0198654 0,0217655 0,0268477 0,0322822 0,0383201 0,0446874 0,0531810 0,0682077 
1,7000000 0,0156584 0,0172353 0,0208419 0,0248227 0,0292192 0,0338281 0,0405343 0,0518794 
1,8000000 0,0125695 0,0137574 0,0164957 0,0195401 0,0232519 0 • 0269619 0,0321748 0,0409711 
1,9000000 0 00103251 0,0114532 0,0138570 0,0163582 0,0192413 0,0221117 0,0268965 0,0332745 
2.0000000 0,0086020 0,0094613 0,0115895 0,0137668 0,0164571 0,0!79020 0,0235737 0,0269096 
37 
TABLE VI (Continued) 
Tr pr Pr Pr Pr Pr Pr 
4o00 4 .. 50 5.00 ·6~00 7 •. 00 8,,00 
005000000 l,9430786 l,9518810 ·l,9659513 l,9~46998 2,0034817 2,0216058 
0,6000000 l,6578317 l,6664933 l,67553~5 l,6948042 l, 7129978 l,7316901 
0,7000000 l,3891320 l,4002957 1,4114646 l,4335049 l,4511445 l,4685195 
· 0,8000000 l ,.16534 75 1,1178096 1,1907612 1,2174838 1,2392362 l,2613184 
0,9000000. 0,9590146 0,9788075 0,9947498 l,0292689 l,0545520 l,0810626 
0,9200000 0,9187139 0,9385488 0,9561929 0,9937010 l,0208796 l,0469157 
0,94000·00 0,8737279 ·o, 0920113 009,156985 Oo9569514 0,9840555 1,0120068 
0,9600000 0,8319207 0,8539380 o,e1to2oe 0,9195997 0,9476123 0,9763397 
0,9800000 0,7900370 0,815645~ 0,8370016 0,8814781 0,9135642 0,9430224 
1,0000000. 0,7393570 Oo 7714487 0,7963543 0,8404612 O, 8757162 0,9069036 
100100000 007185304 007483901 Oo 7751088. 0,8195648 008572964 0,8889361 
1~0200000 0,6929410 0,7'280172 0., 7531567 0,8000566 0,8382440 0,8703204 
1"0300000 0,6710921 0,7059985 ·0,7328458 0,7800218 008186031 008510722 
100400000 00~472526 0,6865357 0,7118699 007594793 o·,7993399 008322803 
100500000 006260414 0, 6646227 0,6896007 o. 7411921 0,7813839 008138465 
100600000 006014793" 0,6412936 0,6652127 p, 1101525 0,7609725 o,7946855 
l 00700000 0,5797277 006185685 0,6465887 006985637 007409425 O o 7749200 
-1,0800000 0,5556832 0,5957365 0,6231582 0,6778975 0,7212835 0,7556470 
1,0900000 0,5>339347 0,5750898 0,6029096 0,6576645 0,7011737 007358056 
l,1000000 005129382 0,5540090 0,5814061 0,6378716 006,814603 007163250 1.1200000 004770698 0,5189859 0,5464593 0,6046310 0,6484451 0,6846888 
101400000 0,4430410 0,4856597 0,5131979 0,5727781 0,6175425 0,6550443 
lol600000 0,4116527 0,4547600 0,4815590' 0,5422376 0, 5871202 006251331 1,1800000 0,3806788 0,4233383 004514459 0,5124229 0,5586876 0,5977729 
1.2000000 0,350178~ 0,3929065 0,4208384 0,4831399 0,5299152 0,5691062 
1,3000000 0,2352370 0,2749005 0,3053747 0,36654.17 0,4035799 0,4526958 l,4000000 0,1619959 0,1938410 0,2205770 0,2759597 O, 3171302 0,3565671 h5000000 0,1195137 O,l4244i8 0,1645879 0,2101540 . 0,2467109 0,2825786 
lo6000000 0,0868910 0,1059440 0,1244901 0,1642748 0,1969131 002293804 
l,7000000. 0,0655484 0,0803736 0,0967096 0, 1317757 0,1606725 0,1906052 
1,0000.000 0,0530288 0,0656384 0,0794340 0,1087449 0, 1354697 001626886 
lo900000Q 0,0451442 0,0558818 0,0673177 0,0917756 0, 1165456 0, 1421794 
2,0000000 0,035"3297 0,0495661 0,0599639 0,0828367 0,1053845 0,1284676 
Tr pr Pr p r Pr p r P:r 
9.00 10.00 15~00 20.00 25.00 30.bO 
0,5000000 2 ,0387762 2,0616528 2,1226701 2,1839767 2,2134128 2,3015310 
006000000 1,6969802 lo7667925 1,8276701 1,8881145 1,9294825 1,9726253 
0,7000000 1,4821392 1,4957086 1,5548375 1,6120018 1,6533346 106935241 
Oo8oooooo 1,2780024 102909907 103576332 l,4201152 1.4695704 1,5191587 
009000000 101042728 lo 1256069 102100260 112886642 103528474 lo4181398 
0,9200\?00 100707679 l,0937061 lo 1827208 102638056 103327784 103949686 
009400000 100394809 1,0708023 1,1547839 102406332 103103446 103741891 
009600000 009235658 l,0307245 1,1266441 1.2141071 1,2820443 109514854 
0,9800000 o,9792486 0,9989545 100995645 lol875780 lo 2583482 1,8884473 
1,0000000 0.9435799 0,9601871 1.0641475 1,1565816 102322111 305954604 
100100000 0,9258508 009506191 100462261 1,1381762 102178523 305688~26 
l 00200000 0,9082823 009273253 . 100298142 1.1205706 1.1969717 305906360 
100300000 0,8883420 0,9086333 l,0113938 1,1033039 1,1865007 3,6151094 
100400000 008705',88 008929993 0,9965486 100863046 1,1773624 3,5442765 
100500000 008513179 008739032 009791179 1,0717315 l,1538953 3,6089916 
lo0600000 008324099 008560954 0,9620797 100557275 1,1407301 306179910 
100700000 0,8126710 008366217 0,9441407 100394658 1,1244953 306285281 
i.oaooooo 0,7953767 008222928 0,9295539 1,0250939 l, 1117589 )02019239 
100900000 0,7755337 O, 7937611 0,9210259 100060939 1,0895024 101858384 
101000000 0,7581366 007879012 008955750 0,9889884 l,0802512 lol6266l~ 
101200000 007237924 0,7539198 008644583 0,9596762 1,0369155 lo 1226911 
101400000 0,70~5477 007406931 008356700 o.93280.13 100146480 100959708 
101600000 0,6628209 006918379 0,8066843 0,9035635 0,9838001 100710970 
101800000 0,6346004 006627427 0,7794367 0,8783072 0,9598811 100431308 
1,2000000 . 0,6070044 006377942 0,7543748 0,8521181 0,9315988 100184821 
103000000 004873071 ·005186839 0,6386347 0,7358666 0,8228063 008971242 
104000000 003906022 004245693 0,5419905 0,6395093 0,7263630 007935994 
105000000 003151954 003487849 0,4598723 0, 5559090 0,6367056 0,7106172 
1,6000000 002592498 0,2'900846 0,3964582 0,4901713 0,5649412 006360453 
107000000 002175921 002459851 0,3475266 0,4373224 0,5093305 005830662 
1,8000000 001869724 002125909 0.3092550 0,3967349 0,4673029 005413185 
1,9000000 0.1641125 0,1877612 0.2785290 0,3659678 0,4723027 005041408 
200000000 0,1488457 pol 7085.92 0,2604801 0,3408678 0,4056965 0,4781997 
TABLE VII 
MACHINE CALCULATED VALUES F-OR zc OF 0.29 
Tr Pr Pr Pr Pr Pr Pr Pr 
0.01 0.1 .20 .30 .40 • 50 .,60 
0.5000000 0.0025161 1.1872846 l,1896058 l,1919270 l,1942481 l,1907664 1,1896058 
0.6000000 0,0019674 l,0251378 1,0272757 l,0477960 l,0788853 1,0468468 1,0565004 
0,7000000 0,0000035 0,8423956 0,8734276 0,8838346 0,8774067 0,8854509 0,8938782 
0,8000000 0,0000024 0,0002634 0,0013912 0,7123553 0,7257158 0,7253693 0, 7393165 
0,9000000 0,0000017 0,0001852 0,0009026 0,0020055 0,0053811 0,0106593 0,5481820 
0,9200000 0,0000015 0,0001664 0,0008151 0,0021761 0,0047678 0,0090849 0,0176747 
0,9400000 ·0,0000014 0.0001457 0,0007642 Q.,OOl8047 0,0042462 0,0077577 0,0146698 
0,9600000 0,0000014 0,0001449 0,0006876 0,0016084 0,0037772 0,0069792 0,0124788 
0.9900000 0,0000012 0,0001288 0,0006157 0,0014331 0,0033478 0 ,0061155 0,0104412 
1.0000000 0.0000012 0,0001257 0,0005610 0,0013100 0,0029178 0,0054294 0,0089472 
1.0100000. 0.0000010 0,0001l19 0,0005408 0,0012509 0,0027562 0,0051751 0,0084396 
1.0200000 0,0000010 0,0001107' 0,0005089 0,00115·23 0,0025443 0.0049·571 0,0078833 
1,0300000 0,0000010 0,0001095 0,0004903 0,0010969 0,0024506 0,0046271 0,0074393 
1.0400000 0 .0000010 0,0001083 0,0004721· 0,0010043 0,0023059 0,0044045 0,0070305 
1,0500000 0.0000010 0,0001012 0,0004416 0,0009915 0,0021125 0,0041891 0,0066360 
1.0600000 0,0000009 0,0000943 0,0004123 0,0009392 0,0020761 0,0039805 0,0064087 
1,0700000 0.0000009 0,0000933 0,0003956 0,0008913 0,0019472 0•0038539 0,0060538 
1,0800000 0,0000009 0,0000923 0,0003792 0,0008435. 0,0018742 0,0036081 0,0057166 
1.0900000 0.0000001 0,0000857 0.0003632 0,0008330 0,0018028 0.0034250 0,0055497 
i.1000000 0,0000007 0,0000792 0, 0003480 0,0007528 0,0017252 0,0033107 0,0053017 
i.1200000 0.0000001 0,0000777 0,0003183 0.0001012 0,0015887 0,0029741 0,0049039 
1,1400000 0,0000006 0,0000708 0,0002898 0,0006509 0,0014534 0,0027115 0,0045335 
1,1600000 0,0000006 0,0000641 0,0002666 0,0006041 0,0013747 0,0025852 0,0042550 
1,1800000 0,0000006 0,0000630 0,0002571 0,0005585 0,0012964 0,0024588 0,0040839 
1,2000000 0,0000006 0,0000619 0,0002310 0,0005463 0,0012216 0,0022727 0,0037738 
1,3000000 0,0000005 0,0000474 0,0001922 0,0004380 0,0009116 0,0-017098 0,0026957 
1,4000000 0,0000004 0,0000395 0,0001595 0,0003757 O, 0007246 0.0013743 0,0019446 
1.5000000 0.0000004 0,0000327 0,0001318 0,0003233 0,0006011 0,0010944 0,0015296 
l.6000000 0,0000003 0.0000268 0,0001079 0,0002783 0,0004672 0.0009974 0,0012720 
1.1000000 0,0000002 0,0000216 0,0001014 0,0002391 0,0003788 0 ,0007314 0,0010565 
1,8000000 0,0000002 0,0000204 0,0000819 0,0002049 0,0003292 0,0005842 0,0009100 
1,9000000 0,0000001 0,0000193 0,0000645 0,0001743 0,0002977 0,0004863 0,0007797 
2,0000000 0,0000001 0,0000116 0,0000612 0,0001471 0,0002697 0,0004295 0,0006633 
\, .. 
Tr Pr Pr Pr Pr P:r Pr Pr 
~10 .80 .90 LO 1.05 1.10 1.15 
0,5000000 l ,1884452 1,1826422 1,1826422 l,1849634 1,1864933 1,1826422 1,1850958 
0,6000000 1,0559828 1,0566831 1,0630288 1,0548275 1,0510602 1,0538590 1,0554260 
0,7000000 0,9023834 0,9113161 0,9178402 0,9264366 0,9351734 0,9343062 0,9443869 
0,8000000 0.1473164 0,7513299 0,7668169 O, 7791785 0,7816469 0,8055784 0,8030468 
0,90000Q_O o.&002e34 0,5615212 0,5878051 0,5984941 0,6372369 0,6070413 0,6180096 
0,9200000 0,4975280 0,5069644 0,5429954 0,5547684 0,5555497 0,5610017 0,5632214 
0•9400000 0,4537416 0,4605410 0,4938068 0,5007826 0,5035788 0,5069553 0,5094414 
·0,9600000 0,0205924 0,4034987 0,4298493 0,4289443 0,4295558 0,4435835 0,4563664 
0,9800000 0,0170445 0,0299435 0,3382293 0,3577426 0,3641780 0,3709941 0, 3997229 
1,0000000 0,0141771 O, 0237743 0,0453622 0,1676653 0,2202772 0,2951413 0,3179889 
1,0100000 0,0131457 0,0214338 o, 038 3809 0,0824305 0,1186869 0,2096077 0,2521795 
1,0200000 0,0123519 0,0196982 0,0323097 0,0613384 0,0812977 0,1297688 0,1644494 
1,0·300000 0,0115792 0,0180928 0,0287832 0,0478285 0,0618743 0,0905469 0, 1108147 
1,0400000 0,0107924 0,0166503 0,0254882 0,0395170 0,0502718 0,067984, 0,08,1060 
j,0500000 o·,o 102343 0,0155809 0,0231091 0,0344433 0,0435963 0,0525952 0,0705840 
1,0600000 0,0098014 0,0145.610 0,0208724 0,0309449 0,0382553 0.0445519 0,0596759 
1,0700000 0,0092065 0,0136060 0,0192550 0,0280397 0,0339771 0,0394742 0,0517960 
1,0800000 0,0086219 0,0127939 0,0178382 0,0253712 0,0304810 0,0357730 0,0445511 
1,0900000 0,0082943 0,0119796 0,0168159 0,0236905 0,0281173 0,0326546 0,0398152 
1,1000000 0,0079660 0,0113067 0,0159904 0,0220936 0,0257547 0 ,.0300962 0,0357756 
1, 1200000 0,0073198 0,0102340 0,0143021 0,0194830 0,0227523 0,0261921 0,0310030 
1,1400000 0,0069251 0,0095490 0,0130009 O,Oi.75779 0,0201576 0,0238128 0,0272204 
1.1600000 0,0063604 0,0088250 0,0119228 0,0159088 0,0184821 0,0216085 0,0247946 
lo 1800000 0,0059961 0,0082518 0,0112731 O,Oi'46589 0,0168554 0,0195086 0,0227048 
1,2000000 0,0056770 O, 0077188 0,0103404 0,0135995 0,0155613 0,0178961 0,0209143 
1,3000000 0,00407.38 0,0056454 0,0073194 0,0099190 0,0113347 0,0125987 0,01481l3 
1,4000000 0,0031448 0,0043050 0,0055712 0,0074471 0,0084853 0,0095964 0,0107574 
1,5000000 0;0024569 .0, 0034351 o.0042826 0,0057655 0,0064484 0,0072773 0,0080576 
l,60o·oooo 0,0019889 0,0026657 0,0035134 0,0045602 O, 0049771 o,0056800 0,0062429 
1,7000000 0,0016983 0,0022419 0,0028658 0,0035656 0,0041467 o,0045269 0,0049202 · 
!.8000000 0,0013995 0,0018237 0,0024920 0,0029888 0,0035104 0,0036889 0,0040298 
1,9000000 0,0011826 0,0015595 0,0021097 0,0026751 0,0030923 0,0031741 0,0034007 
2,0000000· ·o,0010318 0,0013786 0,0019387 0,0023435 0,0025928 0,0027870 0,0030589 
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